Minerals are deposited when evaporation is greater than atmospheric precipitation. Calcium sulfates are one of the most important evaporative minerals which have been expanding over the past few years. In the formation of these minerals, various sedimentary and diagenetic processes play a role from shallow ridges to deep water. The research investigated the types of evaporative minerals (with an emphasis on anhydrite) in Gachsaran Formation in Gotvand dam range (25 km north of Shoushtar city). Investigating the thin sections of evaporative samples of this formation led to the identification of various anhydrite textures. Also, the existence of the main phases of calcium sulfate and NaCl by XRD analyses on a number of samples. The formation of anhydrite, gypsum and halite minerals in Gachsaran Formation in Lagoon and Sabkha environments was identified texture. The most important textures were laths anhydrite, nodule, isolated, radial anhydrite crystals, and porphyroblastic gypsum crystals, most of which are formed at the same stage of precipitation or in the early stages of diagenesis.
Introduction
Evaporatives include a wide range of chemical deposits which are resulted through evaporation of inspissated brines from or near the surface of the earth [1] [2] . Evaporatives are also formed in the form of crystalline growth, succes- sion, or cementitious in vaporous or non-evaporative host rocks. Limestone, dolomite and calcareous clays are the most common sediments with evaporatives [3] [4] .
The main evaporative minerals include gypsum, anhydrite and halite. Most of the old evaporatives are mostly due to the increase in concentrations of saline waters with a source of seawater [5] . Geological evidence and present-day events show that two minerals of gypsum and anhydrite are deposited on the surface of the earth underwater (in shallow and deep water) and inland (in coastal and subaerial sabkhas) [6] . Gypsum formation occurs under low temperature-pressure conditions and low salinity levels. Anhydrite is also formed at higher temperature-pressure and higher salinity levels.
The presence of evaporative minerals in hydraulic structures such as dams can, in the long run, lead to the risk of water leakage from the reservoir of dams.
Also, the presence of these minerals in the reservoir of dams, after damping the barrier influences the water quality of the dam. Therefore, there are always problems with numerous projects worldwide, due to the presence of soluble evaporative minerals and numerous studies have been carried out by researchers to evaluate potential hazards and to improve the hydraulic structures where evaporative deposits exist in their sites (in the place of the foundation and reservoir) [7] [8] [9] and [10] . Therefore, in these structures, it is necessary to determine the type of evaporative mineral and to know the characteristics and degree of their dissolution. The process of dissolving evaporative minerals in water plays a very important role in the evaluation of geochemical systems, and the type of evaporative minerals should be investigated to determine this process.
The aim of this study was to investigate the type of evaporative minerals and their structures and their texture in Gachsaran Formation at Gotvand dam site and their effect on this hydraulic structure.
Geographical Location of the Region
The boundary of the Gotvand dam (Figure 1 ), which is one of the major dams of Iran, is located on the Karun River, 378.3 km, of the river estuary and 25 Km north of Shoushtar city (Figure 2 ). The Gotvand dam reservoir as one of the water reservoirs in Iran, is surrounded by Gachsaran, Mishan, Aghajari, Lohbari and Bakhtiari formations, with a length of more than 90 km.
Evaporative deposits of Gachsaran Formation with an approximate length of 2.5 km and within four kilometers of the axis of the dam and its upstream are composed of layers of marl, anhydrite and salt ( Figure 3 ).
The study area is based on the map of structural divisions and expansion of Iranian sedimentary basins [11] folded in the Zagros area and is located in part of Zagros called Dezful Embayment, and has been generally covered with Fars group formations as well as Bakhtiari conglomerates and younger sediments.
In Dezful Embayment, sedimentation along with the development of folding in late Cenozoic, the has consisted Gachsaran formation on the Asmari Forma- tion. Gachsaran Formation is without a complete surface cutting, due to its plastic properties resulting from the presence of thick layers of salt and marl, which deforms the layers and disintegrates them. The age of Gachsaran formation in Dezful Embayment is lower Miocene [12] .
Stratigraphy of Gachsaran Formation
To During geological time, simultaneously with the event of tectonic processes and the decrease of the depth of existing basins, different evaporative formations have been formed in different parts of Iran. These evaporative depositions can be classified into three groups: Precambrian (Hormuz series), Jurassic (Kangan and Heath) and Tertiary (Qom, Upper Red and Gachsaran formations) [13] . Gachsaran Formation in the Zagros sedimentary basin has expanded in vast areas from northeastern Syria to southwest of Iran. In the phanerozoic sedimentary stratigraphy column of the Zagros basin, there are many evapotranspirational deposits which the Hormoz salt is located at the beginning of this column and the Gachsaran Formation (Lower Miocene) is located in the upper part of this column and forms widespread evaporation units. This formation, the name of which is taken from Gachsaran oil field, is divided into seven sections in the pattern section in Khuzestan [14] . These sections include:
Section 1: The thickness is 39 meters and it is called Cap Rock. This part consists of a period of thick layers of anhydrite with thin lime layers and sometimes with bitumen shale. This section is conformity on Asmari Formation. Section 2: The thickness is 113.5 m and includes a thick layer of salt, in which layers of anhydrite and thin layer of lime are seen. Due to the tectonic stimulation, this section has some inconsistent folds.
Section 3: The thickness is 225 meters and consists of two parts. The lower half is of the anhydrite and sub-salt, but in the upper half, a period of anhydrite and thin layers of lime and marl can be seen. 
Studying Method
Strontium Field and laboratory methods have been used for this research. In the field part, while surveying the area and examining the soluble sediments on the surface of the earth, 100 thin sections of samples of SA1, SA4, SA5, SA10, SA12, SA16 borehole cores were prepared and were investigated and their petrography was studied in order to investigate the structure and texture of the evaporative crystals of Gachsaran Formation. The petrography column of these cores was also drawn using the Corel Draw software.
Evaporation sequences provide a lot of information about the sedimentary environment, the climate, and the flow stream process [15] . Types of anhydrite and its texture show evidence of salinity, depth, temperature, environments, and sea level fluctuations, and these are used to interpret paleoclimatology and ancient sedimentary environments [16] [17] . According to the petrographic indices, the sedimentary environment is determined and compared with the present environments [18] [19] .
In this study, for the interpretation of sequences and petrography columns of cores and the relationship between anhydrite and these sequences, the concepts of a number of researchers and the information of several key papers and publications have been used [20] - [25] .
In order to complete the results of petrographic studies and determination of sedimentary environment, 6 samples from the cores were subjected to X-ray analysis (XRD) at the laboratory of Sharif University of Technology. In this analysis, while identifying the crystals, crystalline percentage and phase of formation have been specified.
Discussions
Evaporation deposits are of great importance in various geological areas, such as the long-standing climate and conditions governing sedimentary environments.
In a narrowly bound sea basin, when seawater evaporates under normal conditions, calcium carbonate is the first solid to be separated. Dolomite may be deposited in the presence of calcium carbonate, but there is no evidence of large deposits of dolomite in this way. In fact, the evaporation of sea water in a closed basin cannot create thick carbonate deposits. With evaporation continuation, calcium sulfate is deposited, which depending on temperature and salinity, gypsum or anhydrite may be formed. In the final stage, halite begins to dissolve and precipitates. Therefore, most evaporative deposits consist of calcium carbonate, calcium sulfate and sodium chloride. Potassium and magnesium salts begin to crystallize only when the volume of the evaporative solution is reduced to 1.54% of its original volume. According to studies in salt accumulation of different ages, the composition of sea water has not changed much since Cambrian time [26] . According to selected samples for study in this research, Gachsaran Formation in the study area consists of anhydrite, gypsum and halite deposits:
Facies and Sedimentary Environments
In the following before examining the types of anhydrite crystalline materials, first we briefly describe the types of facies of Gachsaran Formation. The investigation of thin sections and X-ray analysis results have led to the identification of Mudstone and Anhydrite facies in lagoon and Sabkha environments in this formation.
Mudstone
Mudstone facies are mostly calcareous and do not have non-skeletal grains and may be accompanied by small crystalline anhydrite. Mad stone facies are preserved due to the lack of fossils and fine grains, and its accompaniment with anhydrite, possibly in supratidal and sabkha coastal sub-environments. The lack of fossils is likely to be due to the high degree of salinity and the lack of proper biological conditions for marine organisms (Figure 4 ) [27] .
Also, the presence of marl in gray to dark gray and a little red, and mainly in the rocks with anhydrite and halite, which is associated with the expansion of anhydrite nodules, can be considered as an indicator of shallow coastal environment, indicating the lagoon environment [28] .
Such marl and anhydrite frequency has been reported in the later Miocene cycles of Spain [29] and Poland's Euphorbine Basin [30] , which have been interpreted in connection with the fall of the sea level and the formation of the third cycle. The frequency of marl and lime in most cases represents short-term fluctuations in the paleoclimate [31] .
Tectonic activity, uplift, formation of joint and fracture, play an important role in accelerating the brine movement in the final stage of diagenetic and it seems that the dissolution of layers and anhydritic nodules has been the most important source of formation of large anhydrite crystalline [32] . According to Warren [33] , the abundance of poorly calcareous mud of non-skeletal grains represents the supertidal or sabkha environment.
Anhydrite Facies
The thickness of the sabkha anhydrite facies of the studied area changes from several centimeters to several tens of meters. Anhydrite crystals are fine to coarse crystals. Anhydrite, with the exception of sabkha hot and dry environments, rarely forms in near-surface environments and is usually finely crystallized due to the high rate of nucleation [34] . The most important process for the formation of anhydrite is the loss of water by gypsum during burial at depths of several meters or more. When gypsum is converted to anhydride, water from dehydration reduces the anhydrite strength and thus leads to increased fluidity and high pressure [35] . The abundance of anhydrite in the Gachsaran Formation indicates formation in dry to semiarid climates such as the coastal sabkha of southern Persian Gulf (Figures 4(d) -(f)) [36] .
Facies Sequence of Gachsaran Formation
As a result of increasing evaporation in the evaporative basins, the water level in the sedimentary basin decreases while the ionic concentration and water density increase. According to Einsele [37] , due to direct deposition of evaporation, closed sea basins, shallow lagoon, Basin due to low water levels in deep parts, deep evaporate basin, Sub evaporative cycles controlled by changes in sea level, Evaporating basins and coastal Sabkha compound are formed. In the formation of these basins, the main processes in the Condensation of brine and Evaporation deposition are similar and the only difference is the change in tectonic environments and their evolution. In the sedimentary basin of Zagros due to the re-activity of Basement faults during Miocene, the conditions for the formation of an enclosed environment have been created and have led to the spread of evaporation. These faults have created the role of a dam for the formation of an evaporative environment. The tectonic subsidence in the basin has been intensified by Deposited evaporates so that the repetition of the precession and retrogradation of sea and the sedimentation of the thick sequence of Gachsaran formation in a shallow coastal environment has been caused [38] . The most important feature of Gachsaran Formation is the cyclic sedimentation and high frequency.
The cyclic deposition is controlled by relative changes in sea level, resulting in glacial, tectonic (subsidence) and sediment processes [39] . Through lower Miocene, the performance of glacial processes in the southern hemisphere has been extensively influenced by changes in sea level. One of the results of the draw down in sea water level is the formation of lagoon-sabkha cycles with frequent rotation. Short-term changes in seawater levels in areas with low topographic differences lead to the formation of these low-thickness (multi-meter) cycles with a large lateral expansion. Gachsaran Formation is formed in the Zagros Foreland Basin. The foreland basins located in front of the orogenic belt, causing subsidence on the shell [40] . It seems that the Subsidence in Dezful embayment (in the Zagros Foreland Basin) at the late Oligocene has intensified with the evaporation deposition of the Gachsaran Formation. Therefore short-term shrinkage of the shallow sea, the sedimentation of sediments with plastic properties and continuous subsidence of basin, has provided conditions for the formation of high-frequency cycles. Then because of precession Marl Sea the lagoon environments is formed. Further, increased evaporation has led to the formation of a retrogradation phase which resulted in the development of a sabkha environment in which Anhydrite and Gypsum have been laid out [41] . The results of field studies and X-ray analysis (XRD) confirm this sedimentary environment (Table 1 and Figure 5 ). This kind of cyclic sediment has been reported in many of the ancient evaporation such as the Arabian Formation to the Upper Jurassic and also the present time on the southern coast of the Persian Gulf [42] . Also deposits of Fat'ha Formation in Iraq have been laid out in a similar sedimentary environment with the Gachsaran Formation [43] . 
Anhydrite
Most Anhydrite classification systems have been focus on morphology of masses and Anhydrite crystals [44] . Accordingly the texture and evolution of Gachsaran Formation (including anhydrite, gypsum and halite) have been done based on division Lucia [45] and Warren [46] .
Anhydrite Structures
Anhydrite structures in this study have the following types: (Figure 6 ).
Massive Anhydrite Structure
This structure consists of masses in the thickness of a few centimeters to one meter. Massive anhydrite has been composed of various textures such as bladed, parallel, felt, equant and fibrous. Current structures and fossils do not exist in non-porous and uniform Anhydrites. In samples (Figure 6 (a)) massive anhydrite is white to cream. In some examples massive Anhydrite with the best forms of nodule is graded and characterized.
Layered Anhydrite Structure
In the samples of the cores, various types of bed anhydrite have been formed. The layers of gray or dark brown carbonates and white to gray layers or lamina of sulfate represent this construction. The thickness of the lamina varies from a few millimeters to several centimeters with an irregular or horizontal appearance ( Figure 6(b) ). Layered anhydrite can include parallel, felt, equant, fibrous and composite textures. Layered anhydrites also formed in two ways: 1) Direct gypsum deposition of saline water and diagenesis of gypsum to anhydrite.
2) The formation of anhydrite from the integration and Continuous Growth of anhydrite nodules in a horizontal direction.
Chicken-Wire Anhydrite Structure
Chicken-wire anhydrite structure consists of mosaics of irregular nodules separated from each other by black and thin membranes of mad stone. The diameter of the nodules varies from a few millimeters to several centimeters. Due to the dissolution of the pressure, carbonate deposits can be presented as dark anastomusing branches within the anhydrite. Chicken-wire anhydrite structure often has been formed of bladed to fibrous and equant to mosaic textures. In the upper sections of Super taidal or Sabkha with increasing salinity gradually increased the number of nodules and the structure of the Chicken-wire anhydrite have been created (Figure 6(c) ).
Nodular Anhydrite Structure
In the cores studied, the anhydrite nodules are white to lime to gray. The size of the nodules varies from 0.5 millimeters to several centimeters. Nodules may be completely separated and only be seen or exist in the form of larger nodules composed of smaller nodules. Also some of the nodules are dense and characterized by anhydrite layers. (Figure 6(d) ) The nodes are spherical, oval to lens and amorphous forms. In some cuts, the nodules are shown as fibrous textures. Nodular anhydrite is found definitely in Sabkhafacies [47] [48] . Anhydrite nodules are usually formed during the early stages of the diagenesis in the sabkha environments and in small granular sediments such as dolo-mudstone and in some cases also formed as primary gypsum and converted to anhydrate through dehydration [49] [50] . Usually nodular anhydrite is formed in sabkha areas such as the Persian Gulf coast at the same time as sedimentation. Also anhydrite nodules can be formed up to several thousand meters in depth under various environmental conditions such as burial diagenesis [51] .
Anhydrite Textures
In this study anhydrite sediments have different types of textures ( Figure 7 ).
Acicular to Fibrous Texture
This texture has been characterized by Acicular to Fibrous crystals with parallel-to-non-parallel directional. The size of the fibrous crystals is larger than the Acicular and it shows the elongation or tension. The arrangement of crystals changes from place to place and can be drawn from parallel to non-parallel to mass and layers form. Crystal shapes is needle-like or columnar and ranging in size from 1 mm to 1 micron. This texture is one of the most commonly used fabrics in massive, bladed, chicken-wire and nodular.
Sparse and Isolated Crystals
These crystals are made up of different sizes in the mad stones. The shape of anhydrite crystals is spherical to subspherical, oval, and multilateral. In all instances the size of the crystals is from 0.1 to several millimeters. The dispersed and single crystals may be cut off by fractures and stylolites which are then expected to be formed in the early stages of diagenesis [52] . These evaporation are mostly formed in the upper facies of the intertidal zone up to the beginning of the Sabkha and are present in other evaporating environments such as saline and hyper saline (Figure 7(b) ).
Fibrous Radial Texture
Fibrous radial texture is characterized by melon and colorful crystals and unique conjugation. The size of the crystals is from tens of microns to several millimeters. This texture consists of composite and unique fans so that crystals of stretched fibers are arranged side by side. The crystals are spherical (like a ring) to half-spherical (Figure 7 (c) Figure 7(d) ). The Fibrous radial texture of anhydrite is much less than equant or acicular anhydrite. This texture is formed mainly in the tidal flat of mad stone facies and is rarely found in lagoon facies.
Lath Shape (Bladed) Texture
The Lath shape (bladed) texture is characterized by long crystals of colorful blades indicating some orientation. Some crystals are still much stretched and tend to split in one direction and parallel to their length. Lath shape anhydrite crystals are Semi-shaped to shapeless and medium-sized (Width: 0.1 to 0.02 mm and length: 2 -2.0 mm). This texture is usually observed in lagoon facies ( Figure  7 (e)).
Composite Texture
In some instances two or more types of anhydrite texture are observed together and form texture. Sometimes these textures are gradually replaced. This composite texture often includes lagoon facies (Figure 7(f) ).
Anhydrite Diagenesis Processes
Anhydrite tends to be formed under sub-surface evaporation or within diagenesis basins [53] [54]. Diagenesis history shows that when anhydrite is coupled with carbonates diagenesis has the most important effects on both lithology. The distinction in the event and occurrences of evaporative diagnoses is generally very difficult because it may be affected by diagenetic environments. Petrography analyzes on evaporation of the Gachsaran Formation show the diagenetic processes including replacement of Anhydrite and rehydration which is shown by the presence of porphyroblastic gypsum during the subsequent freezing. Porphyroblastic gypsum consists of lens-shaped crystals and a large semi-lens with sharp and curved edges. These crystals are individually or hands arranged (Figure 7 (g) Figure 7 (h)) and large crystals are enclosed by finely Anhydrite crystals. The crystal size varies from 0.2 millimeters to 2 centimeters. Porphyroblasts can be denser and create a Rosette fabric with a diameter of more than 1.5 centimeters. This fabric contains porphyroblastic crystals. This crystalline gypsum is formed secondary and in dehydration of anhydrite [55] . Gypsum porphyroblastic is a valuable index for the stages of pre-diagenesis during diagenesis and after evaporation of diagenesis [56] .
Conclusions
In the evaporite successions formed under the arid climates, such as the Gachsaran Formation in the Gotvand area, Iran, there are unambiguous relationships between the evaporite textures and sea-level fluctuations. Studies on Gachsaran Formation indicate that the most evaporative minerals in this formation are anhydrite, halite and gypsum and the petrography column of the boreholes in this Formation separate layers of anhydrite, gypsum, halite and marlstone have been identified. Types of anhydrite and its texture show evidence of salinity, depth, temperature, environments, and sea level fluctuations, and these are used to interpret paleoclimatology and ancient sedimentary environments. Seemingly, anhydrite precipitation occurred at two different stages. Early stage anhydrite precipitation from brines and resulted in the formation of anhydrite nodules and beds crystals. As a whole, Anhydrite deposits of Gachsaran Formation include Acicular, radial, Lath shape anhydrites and isolated crystals that formed in Sabkha and Lagoon environments.
Diagenesis processes including anhydritization, replacement and recrystallization have been affected calcium sulfate crystals.
Anhydrite with better crystallization energy and more stability than gypsum in the sedimentary environment is better preserved and gypsum dissolves, therefore anhydrite is the dominant phase.
Anhydrite sediments are more than synthetic growth along with sedimentation as well as anhydritization of gypsum during the initial to final diagenesis. They were formed in various diagenetic realms from marine to meteoric and burial. Layered to massive, chicken-wire and nodular anhydrite occurred in very early (near surface) diagenetic stage at the supratidal sub-environment (sabkha).
